would say there were other and bigger capillaries lying more deeply, and the veins were filling up through them. Such experiments show that deductions drawn from the study of schemata cannot safely be applied to the circulation of the blood. The essential principle of the circulation was, that the heart pumped the blood into the capillaries, and that the movements of the body pumped it back again to the heart; that in the transference of the fluid by the secretory processes in the body, the controlling mechanism was the activity of the living cell, which was manifested in chemical reactions and physical phenomena, such as adsorption and osmosis, and that this secretory process was the same as took place in the formation of and extrusion of the vacuoles by the protozoa, and in which filtration could play no part. The tissue cells draw in fluid from the capillaries and secrete it by the chemicophysical forces which pertain to living protoplasm.
Dr. THOMSON HENDERSON said his views respecting the physiology of intra-ocular pressure were entirely dominated by Professor Leonard Hill's splendid work on the intracranial pressure, and therefore he maintained that the intra-ocular pressure was not a question of volume, but that, as in the case of the brain, it stood and varied with the intra-ocular venous pressure. He had not received the report of the last meeting, but he understood Professor Starling objected to that view, because it would mean that the venous pressure would be the same as the capillary pressure. 0Of course, such was not the case; the venous and the capillary pressures were distinct from each other and stood at different , levels. The schema of the intra-oc-ilar pressure, already referred to (vide fig. 3 , p. 35), showed that the intra-ocular pressure was the same as the venous pressure at the point of the venous exit. The points of the venous exit were, first and foremost for the subject under discussion, Schlemm's canal. Some authors do not admit that this is a venous sinus, but as he had pointed out elsewhere,1 serial sectioning conclusively proved that Schlemm's canal was a venous sinus. The other points of venous exit were the veins crossing the supra-choroidal space to pierce the sclera, and finally the central retinal vein on the disk.
The arguments in favour of the venous exit level of the intra-ocular pressure could, be stated very simply. Fluids were incompressible, transmitted their pressure equally in all directions, and always tended to lie at the lowest hydrostatic level. Now, in the elastic circulatory I " Glaucoma," Arnold, 1910. system of the eye the venous pressure at the point of venous exit was the lowest circulatory pressure, therefore the intra-ocular pressure was maintained at this level, because such was the lowest hydrostatic level attainable in the eye. To put the arguments in another way, the intraocular pressure must be either greater, less than, or equal to the venous pressure at the point of exit. If the intra-ocular pressure of the aqueous was less than the venous pressure in Schlemm's canal, the aqueous could not get away and would stagnate. On the other hand, if the intra-ocular pressure were greater than the venous pressure, the venous walls of Schlemm's canal would be compressed. Now, although Schlemm's canal could not be observed, another point of venous exit, the central retinal vein on the disk, could be studied. By using an electric self-illuminating ophthalmoscope to observe the disk by the direct method, and at the same time applying the tip of the finger to the upper lid in the region of the external canthus, he noted that this very light touch at once caused the retinal vein, at its proximal extremity, to become shut down. If instead of using digital pressure one used a pressure gauge, as made for him by Messrs. Weiss, he found that a pressure of about 2 mm. of mercury was sufficient, in the normal eye, to produce such an effect. Now this effect was noted on a vessel the walls of which were considerably thicker than the single layer of endothelial cells composing Schlemm's canal, but, in position, both vessels were points of venous exit. Therefore, if such applied pressure sufficed to cause diminution in the lumen at the point of exit of the retinal vein, it would produce a similar effect at all other points of venous exit, including Schlemm's canal. This clinical observation showed that the intra-ocular pressure could not be a question of volume, but that the intra-ocular pressure and the venous pressure at the point of exit always balanced each other.
Professor Starling was an ardent advocate of the filtration theory of aqueous formation, and, at first sight, nothing appeared simpler. There were vessels on one side of a filtering membrane and filtrate on the other. But the theory took no note of the fact that the vessels were embedded in a loose tissue stroma, which stroma was in direct and open communication with the angle of the anterior chamber. The ciliary epithelium could not, therefore, act as a mere passive filtering membrane, because the pressure on both sides of it was the same, and if fluid did filter from the vessels, that fluid would make its way direct into the angle of the anterior chamber. He had described elsewhere the topography of the angle of the anterior chamber in man (loc. cit.), and had shown why this region could in no way be considered watertight, as the aqueous passes into the supra-choroidal space as well as into the ciliary stroma. He would now merely refer to the anatomical conditions in animals. He had studied, in serial sections, the eyes of a considerable numnber of animals, not only all the ordinary domestic animals, but also a number of the larger m-ammals, as elephant, camel, lion, llanma, &c. He had also done a number of injections of Indian ink and Berlin blue into the anterior chamber, but these experiments were The angle of the anterior chamber in the cow. On the inner side of Schlemm's calnal (S.C.) lie the longitudinal fibres of the cribriform ligament arising from the innermost layers of the cornea, and acting as the ligament of origin of the ciliary muscle (C.M.). The ciliary process and iris are anchored to the cribriform ligament by a series of pillars, of which the most anterior is the thickest and most developed. Descemet's membrane (D.M.) is a cuticular formation of the posterior corneal endothelium, and therefore thickens with the age of the animal. There is no barrier to prevent the aqueous at the angle passing through the network formed by the anchoring pillars into the supra-choroidal space or into the ciliary stroma. The anterior aspect of the ciliary body presents a rough, irregular surface from which the anchoring pillars arise, and which, unlike the anterior iris surface, is not covered by a layer of endothelium. not necessary to prove that no barrier existed to the passage of the fluid in the directions named. These animals had the one feature in common that the apices of the ciliary processes lay in front of the mass of the ciliary muscle, and thus the fact that the aqueous at the angle of the anterior chamber could pass into the tissue of the ciliary processes could be much easier demonstrated. He would illustrate as typical the eye of the cow.
The iris and ciliary body were anchored to the cribriform 'ligament by a series of pillars, and there was nothing to prevent the passage of aqueous into the supra-choroidal space or into the tissue stroma of the ciliary processes. The easiest escape for any fluid filtering from the ciliary vessels would be along the line of least resistance direct into the angle, and not through the double layer of ciliary epithelium.
Structure and function went hand in hand, and therefore he submitted that the anatomical conditions about the angle of the anterior chamber were such as to preclude any ideas of filtration of aqueous.
If Professor Starling or anyone else would care to verify or disprove these anatomical facts, he would only be too pleased if they would come and look over his histological and zoological collection at Nottingham where he now had, in support of his statements, over 13,000 sections serially mounted.
Mr. HERBERT PARSONS said that, for various reasons, he proposed to deal only with a few points in this discussion. One reason was that he felt quite unqualified to deal with the physical side of the problem in the face of Professor Hill's and Mr. Flack's and Dr. Thomson Henderson's views. But he did not understand the extraordinary antipathy which Professor Hill and his colleagues evinced towards filtration; they seemed to him, whenever possible, to introduce some difficult method of physico-chemical influence to explain processes which were susceptible to simpler explanation. He preferred to leave those questions in the hands of Professor Starling, who was present to reply on the discussion. Moreover, some years ago he went critically into the matter and gave a resume in his book on the pathology of the eye. Since the last meeting of the Section he had again read through what he then wrote, and he saw nothing in the discussion to induce him to withdraw or modify any serious point he then advanced. There might be some points the expression of which one might be more careful about, for just as Mr. Flack had complained of etymological inexactitude in various ways, so certain critics of his (the speaker's) work had commented in what he considered an unjust way, as for instance, on his use of the term "elasticity." He still, however, held to the main arguments he had expressed, though that lilight be attributed to the petrification of his critical instinct.
